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ABSTRACT 
 The   main goal of this research was to study coliform mastitis in a dairy farm 
in Khartoum State (Military farm). A total of 340 milk samples were collected from 
170 cows twice in dry and lactation periods between May 2004 to June 2005. Samples 
were first screened for mastitis using California Mastitis Test (CMT). Positive CMT 
samples were subjected to further investigation by isolation and identification of the 
bacterial causes. The role of coliforms as a cause of mastitis was studied. The 
sensitivity of Escherichia coli isolates to different antibiotics was determined. 
Escherichia coli isolates were subjected also to molecular analysis using ERIC-1 and 
ERIC-2 to enumerate genotypes which were responsible of the disease in the farm and 
to find out their possible role in the recurrence of the disease in the same animal. 
 A rapid method was also tested as a cow side test for its ability to detect the 
type of bacteria that was responsible of the disease. 
Seventy six percent of the samples were positive for CMT. Subclinical and 
clinical mastitis were detected in 46% and 30% of the cases. 210 samples showed 
bacterial growth of which 80 isolates were recovered from dry period samples and 
130 from lactating period samples. Gram negative isolates were 59 (comprised 28% 
of the total isolates) including 40 isolates of Escherichia coli, 12 isolates of Klebseilla 
spp., 5 isolates Pseudomonas spp and 2 were Salmonella spp. They were isolated 
from 8.2% of subclinical mastitis and 4.2% of clinical mastitis. 
Molecular analysis of Escherichia coli isolates revealed five distinct 
genotypes. Escherichia coli was proved to persist in the udder tissue causing recurrent 
mastitis.                
The new rapid method for differentiation between types of bacterial causes of 
the disease was found sensitive, reproducible and can be used in Khartoum dairy 
farms for proper treatment of the disease using the proper antibacterial.  
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INTRODUCTION 
 
Mastitis is the most significant disease affecting dairy cattle (Shook 
and Schutz, 1994). The economic, animal production, international trade 
and animal welfare issues associated with the disease make it of great 
importance to the animal industry (Owen et al., 2000). 
The disease is described as the most frequent and costly disease of 
dairy cattle. Losses due to mastitis can be attributed to both subclinical 
and clinical disease. Clinical mastitis losses are generally readily apparent 
and consist of discarded milk, transient reductions in milk yield and 
premature culling. Subclinical mastitis is considered the most 
economically important type of mastitis because of long term effects of 
chronic infections. Production losses due to subclinical mastitis on the 
U.S. dairy farms were estimated to cost the dairy industry about $1 billion 
dollars annually (Nash et al., 1999). Mastitis is a concern of most dairy 
farmers and their advisors due to these profound economic consequences. 
Of the multitude of microbial pathogens that can cause bovine 
mastitis, the coliform bacteria mainly Escherichia coli, are pathogens 
commonly isolated from intramammary infections (IMIs) and are leading 
causes of clinical mastitis. Coliform bacteria are typically isolated from 
20-40% of clinical cases occurring in herds and they generally account 
for the majority of peracute cases of clinical mastitis in herds (Smith and 
Hogan, 1989). 
In the Sudan, Escherichia coli was reported as a cause of mastitis 
by many authors (Mustafa et al., 1977; Farah, 1992; and Kwajok 1992) in 
Khartoum State. However, many aspects of coliform mastitis including 
dry period and recurrent infections, persistency of E. coli in the udder 
causing permanent subclinical infection beside others were not clearly 
understood.  
  In this study a herd consisting of 170 cows was monitored for 
incidence of coliform mastitis in the period between May 2004 to June 
2005. The objectives of the study were to: 
• Study the role of coliforms as causative agents of clinical and 
subclinical mastitis.  
• Study the genetic relationship between Escherichia coli isolates 
from different animals in the farm and from cows with recurrent 
mastitis.  
• Study the antibiotic sensitivity pattern of the Escherichia coli 
isolates. 
• Apply a rapid new method for detection of bacterial mastitis in the 
farm. 
 
                                               
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER ONE 
LITERATURE REVIEW 
1.1 Mastitis: 
1.1.1 Definition:  
Mastitis is an inflammation of the mammary glands which is 
characterized by physical, chemical and usually bacteriological changes 
in the milk and by pathological changes in the glandular tissues (Blood  et 
al., 1983).  
 Mastitis particularly affects cattle (Bagadi, 1966), sheep and goats 
(Ibrahim, 1962) and camels (Obeid, 1983) as well as other species of 
animals (Buxton and Frazer, 1977). 
1.1.2 Types of mastitis: 
       Mastitis has many forms which are usually classified according to 
their severity (Aiello, 1998). 
1.1.2.1 Peracute mastitis: 
 Peracute mastitis is a severe inflammation with swelling, heat, pain 
and abnormal secretions in the glands, accompanied by systemic 
disturbances such as fever, depression, rapid weak pulse, sunken eyes, 
weakness and complete anorexia (Blood et al., 1983). The Gangrenous 
mastitis can also be included in this category. 
1.1.2.2 Acute mastitis: 
 Acute mastitis occurs with similar changes as in peracute form of 
the disease but fever; anorexia and depression are slight to moderate 
(Blood et al., 1983). 
 
 
1.1.2.3 Subacute  mastitis: 
 Subacute mastitis is often characterized by no systemic reactions 
and less marked changes in glands and secretions (Quinn    et al., 1994). 
1.1.2.4 Chronic mastitis: 
 Chronic mastitis is characterized by the absence of systemic signs 
and very few external signs of changes in the udder, but abnormal 
secretion in the glands occur intermittently (Quinn et al., 1994). 
1.1.2.5 Subclinical mastitis: 
  Subclinical infections are those with no visible changes in the 
appearance of the milk or the udder, but milk production decreases, 
bacteria are present in the milk, and composition is altered. This type of 
mastitis is detectable only by bacterial culture or by tests such as 
California Mastitis Test (CMT) to demonstrate the high leukocyte count 
in the milk (Quinn et al., 1994).  
1.1.3 Economic impact:   
         Economically mastitis plays a very important role because of its 
variable effects through many factors in animal health, production, 
human health and treatment expenses. The most important effect is the 
fatalities largest economic losses in dairy farms and the extended usage of 
antibiotics (Kromber and Grabowski, 2002). 
         Estimates showed that the affected quarter suffers 30% reduction in 
productivity and is estimated to lose 15% of its production (Blood et al., 
1983). The presence of bacteria in milk makes it unsuitable for human 
consumption and comprises additional danger by the transmission of 
many diseases including tuberculosis, streptococcal sore throat and 
brucellosis (Aiello, 1998). The cost of treating the diseased animals and 
culling of the therapy resistant cows are of major concern to dairy men 
(Shommen et al., 1988; Mohamed et al. (1995). Longo et al. (2001) 
found that the total economic losses due to clinical mastitis were 218$ for 
Escherichia coli mastitis and 148$ for Gram-positive mastitis in the 
United States. 
1.1.4 Causative agents:  
      Mastitis can be caused by physical or chemical agents but the 
majority of cases and infections are usually caused by bacteria (Quinn    
et al., 1994). 
         Quinn et al. (2001) stated that more than 100 microbial species 
have been isolated from the mammary glands of the cow but relatively 
small numbers are responsible for most cases of clinical mastitis. They 
added that it is usual to designate mastitis according to the origin of the 
organisms:  
1.1.4.1 Contagious mastitis: 
Contagious mastitis is caused by bacteria which reside primarily in 
the mammary gland of the cow and it is caused by Staphylococcus 
aureus, Streptococcus agalactiae, Mycoplasma bovis and 
Corynebacterium bovis (Radostitis et al., 1997).   
1.1.4.2 Environmental mastitis: 
Environmental mastitis is associated with microorganisms which 
are present in the environment, especially Escherichia coli and 
Streptococcus uberis which are the organisms most frequently isolated 
from cases of clinical mastitis in many countries. Contamination of teat 
ends is a major predisposing factor in the development of environmental 
mastitis because environmental pathogens can survive and multiply in 
organic bedding material as housing conditions can influence teat 
contamination rates (Radostitis et al., 1997).  
Mastitis caused by Streptococcus uberis is particularly associated 
with bedding of cows with straw (Harmon et al., 1992). When saw dust 
and wood shavings are used for bedding, Escherichia coli and Klebsiella 
species are often isolated from infected cows. The rate of infection is 
usually higher in housed cattle than those on pasture although 
Streptococcus uberis has been isolated from intensively grazed pasture in 
numbers similar to those found in bedding material (Harmon et al., 1992). 
Infection can be transmitted by environmental contamination of 
intramammary tubes. Outbreaks of mastitis with organisms such as 
Pseudomonas aeruginosa or fungi, which are resistant to antibiotics are 
particularly associated with this mode of transmission. Many infections 
caused by environmental pathogens occur during the drying-off period 
and in the weeks before calving. The majority of infections with 
Escherichia coli occur during the seven to ten days before calving (Smith 
and Hogan, 1993). Typically, environmental mastitis is of shorter 
duration than contagious mastitis. In addition, infections are likely to be 
clinically evident especially those caused by coliform bacteria in which 
there may be severe clinical signs (Quinn et al., 2001).   
         In the Sudan bovine mastitis was first reported in the fifties of the 
last century (Annual Report of the Sudan Veterinary Service, 1953). In 
one study fifty-seven cows with chronic mastitis were investigated, thirty-
three showed indurations of one or more quarters, ten had slighter degree 
of indurations and fourteen cases had normal udder. The isolated 
causative agents were staphylococci and streptococci (Wakeem and El 
Tayeb, 1962). In another survey Bagadi (1970) investigated the etiology 
of bovine mastitis in seven herds of cattle in three provinces in the Sudan. 
He found that Staphylococcus aureus was the most common causative 
agent and was isolated from clinical and sub-clinical cases as 92.2% and 
44.2%, respectively. 
 Nocardia asteroids and Nocardia  farcinica were isolated from 
bovine mastitis by Shigidi and Mamoun (1981) and  Hamid et al. (1998) 
respectively. 
         Abdel Rahim et al. (1990) reported that the predominant pathogens 
encountered in cases of mastitis in lactating Friesian cows were 
Staphylococcus spp., Corynebacerium spp. and Escherichia coli. 
         According to the review by Farah (1992), the agents of bovine 
mastitis were either Gram positive or Gram negative organisms. The 
Gram positive cocci included streptococci (Streptococcus agalactiae, 
Streptococcus dysagalctiae, Streptococcus uberis, Streptococcus Faecalis 
(enterococci) and group G. streptococci. Other Gram positive cocci 
included Staphylococcus aureus, and micrococci.  
Among the Gram negative rods, Farah (1992) recorded Escherichia 
coli, Klebsiella spp., Enterobacter spp., Serratia spp., Pasteurella spp., 
Proteus spp., Pseudomonas spp. as causes of mastitis. Moreover, he 
included other Gram negative organisms such as Citrobacter spp., 
Salmonella spp. and Moraxella spp. 
 Farah (1992) classified other organisms associated with mastitis as 
miscellaneous organisms and these include yeasts, molds and other fungi, 
Corynebacterium bovis, Mycobacerium spp., Clostridium perfreingens, 
Mycoplasma spp., Leptospira spp., Brucella spp., Listeria monocytgoens., 
Toxoplasma spp., Coxiella burnettii and viruses as well as trauma. 
       Seventeen isolates (9.77%) of Arcanobacterium pyogenes was 
recovered from 173 mastitis milk samples and seven of them caused 
hemorrhagic mastitis (Ibrahim et al
1.1.5 Predisposing factors of mastitis:  
 Many factors were reported to predispose animals to mastitis. Early 
reports of Little and Brown (1946) discussed the environmental and 
hereditary factors that influence mastitis. They considered injury of the 
udder as an important predisposing factor. They reported that unsanitary 
milking methods, poor stable hygiene and udder fistulas were among the 
predisposing factors.  
 Gomez (1979) stated that transmission of mastitis pathogens was 
increased by inadequate washing and disinfection of hands, teats, udder 
and milking machines. 
 Miller et al. (1984) reported that, in early lactation, high producing 
cows were more likely to contract mastitis than low producers. 
         Jones and Jones (1986) considered the high milk yield as a possible 
predisposing factor to bovine E. coli mastitis. 
 The wide distribution of subclinical mastitis is due to a number of 
factors such as poor hygiene, inadequate disinfection of the udder and 
poor observation of technological requirements (Donkov et al., 1990).              
Poor milking procedures, teat injuries, teat score and milkers 
behavior play a secondary role as predisposing factors in transmitting and 
distributing the disease among herds (Aiello, 1998). 
        Quinn et al. (2001) stated that the bacterial pathogens shed on milk 
or present on teats of infected cow are originated from milking machines 
components or workers' hands, cloths, washing water and some dairy 
utensils.  
1.1.6 Epidemiology: 
          Pathogens cause mastitis often via the teat canals. The infection 
often occurs when the teat sphincter is slack, for a period of twenty 
minutes to two hours after milking (Quinn et al., 1994). On the other 
hand, both the beginning and the end of dry period represent times of 
increased risk of intramammary infections (Eberhart, 1986). 
         The infections come mainly from the infected udder or from the 
environment (Blood et al., 1983). Also the cow and seasonality play an 
important role in the infection (Leslie, 2003). 
         Herd mastitis can be caused by environmental and contagious 
pathogens which may occur separately or simultaneously (Bodman and 
Rice, 2003). Environmental infection with streptococci, Klebsiella spp. 
and Enterobacters occurs more frequently early in the dry period. On the 
other hand Escherichia coli infections tend to occur immediately before 
or after calving (Smith et al., 1985). Also the variation in the load of 
coliforms and environmental streptococci in the environment are 
important predictors of new infection rate (Smith et al., 1985). 
         The rate of new intramammary infections is significantly higher in 
the dry period than during lactation (Eberhart, 1986). The greatest 
increase in susceptibility is during the first three weeks of the dry period, 
in which the new infection rate is higher than during proceeding lactation 
(Bushe and Oliver, 1987). 
         It is still difficult to assess objectively the impact of milking 
machine on teat tissue. Panel test was done included teat shape, 
assessment, teat skin, teat apex, visual scoring and teat sickness measured 
before and after milking (Casirani et al., 2003). 
1.1.7 Clinical signs of mastitis: 
 Depending upon the resistance of the mammary tissue and the 
virulence of the invading bacteria, there may be all degrees of variation in 
signs from the gradual onset of fibrosis, through acute inflammation 
without systemic sings, to severe toxemia with systemic sings (Radostitis 
et al., 1997).  
1.1.8 The incidence of the disease: 
 Mastitis is a multi-factorial disease involving three biosystems, the 
cow, the microorganisms and the environment i.e. the disease is a result 
of interactions between the microorganisms and the cow, whereby the 
outcome of these interactions is extensively influenced by the impact of 
the positive and negative environmental factors (Heeschen, 1984). 
         Batra (1976) found that the incidence of clinical mastitis was 
slightly higher in Holstein Friesian than in Ayrshire. Moreover he found 
that the incidence of mastitis increased with lactation number, up to the 
5th in both species. Also the same author reported that, the incidence was 
higher in hind than in the forequarters in both species. 
 In Germany, Heeschen (1984) reported that sub-clinical mastitis 
occurred 20 – 50 times more frequently than the clinical form and 
resulted in greater losses. 
1.1.9 Diagnosis of mastitis:  
         The diagnosis of mastitis presents a little difficulty if a careful 
clinical examination is carried out; examination of the udder is often 
omitted unless called for, particularly when the animals are recumbent. It 
was added that the diagnosis of mastitis depends largely upon the 
detection of clinical abnormality of the milk, other mammary 
abnormalities, including edema, passive congestion, rupture of the 
suspensory ligament and hematoma, are not accompanied by abnormality 
of the milk unless there is a hemorrhage into the udder. Clinical 
differentiation of the various bacteriological types is not easy but may 
have to be attempted, especially in peracute cases, as specific treatment 
has to be given before results of laboratory examinations are available 
(Radostitis et al., 1997). 
        Most bacterial agents of mastitis pathogens can be isolated easily 
using routine culture methods, media used for primary culture are blood 
agar and MacConkey agar, colony morphology, patterns of haemolysis 
and growth characteristics on these media often allow a presumptive 
identification to be made (Quinn et al., 2001). A definitive identification 
of a suspected pathogen can be made using tests specific for that 
organism, diagnostic kits for the identification of the more common 
mastitis pathogens are available. These include miniaturized biochemical 
systems which test the ability of an organism to utilize different sugars. 
Other metabolic reactions can also be detected. These are frequently used 
for the identification of streptococci and members of the 
Enterobacteriaceae. Commercial agglutination test kits are also available 
for Lancefield grouping of streptococci and for agglutination assays to 
differentiate Staphylo-coccus aureus from coagulase-negative 
staphylococci (Quinn et al., 2001). 
1.1.9.1 Milk tests:  
 The most popular routine diagnostic tests are CMT, white side test, 
catalase test, Wisconsin test and direct microscopic count or counter 
somatic cell count (Quinn et al., 2001). All these tests are based directly 
or indirectly on an increase in the number of somatic cells in milk. 
However, the standard reference for these tests has been the direct 
microscopic cell count (Mohamed, 1996). King (1974) reported that the 
value of physical examination mainly udder palpation in diagnosing 
mastitis rates above any other method. He also cited that, mastitis could 
be detected indirectly by counting the cells in milk. Moreover, all 
composition changes in mastitic used to show the presence of mastitis 
agreed with the CMT under carefully controlled conditions.  
Mastitic milk can be tested by indirect chemical tests, which based 
on the increase of sodium and chloride iron (Quinn et al., 1994). These 
tests depend on measuring the actual damage in the udder, not the cow 
response to the damage as the cell count does (Blood et al., 1983). 
Another test which is set out to assess the integrity of the mammary 
mucosa is the radial immunodiffusion test. This test determines 
accurately the increase of serum albumin concentration in the milk 
(Quinn et al., 1994) 
  California Mastitis Test has the advantage that it can be used in the 
bulk milk and in quarter samples under field condition to determine the 
extent of positive reaction and identify the physiological and management 
factors most closely correlated with a high proportion of positive reaction 
(Blood et al., 1983). The physiological factors have great effects of CMT 
such as parity, stage of lactation, dry period (Braud and Schultz, 1963), 
end of milking in the chronic mastitis and the presence of a non-
pathogenic Corynobacerium bovis in the teat duct which causes rise in 
the cell count (Quinn et al., 2001). According to Jansen et al. (1997) a 
combined use of CMT information and the result of bacteriological 
analysis and culture lead to development of better selective treatment. 
1.1.9.2 Milk abnormalities: 
 Abnormalities in the milk occur as discolorations which vary from 
white with few flakes to watery and brownish with fine mealy flakes 
(Aiello, 1998). Clots or flakes usually indicate severe degree of 
inflammations. Flakes at the end of milking may be indicative of 
mammary tuberculosis in cattle (Blood et al., 1983). 
 Wateriness in the first ten streams considered to be normal also 
blood clots and otherwise small plugs of wax in the first few days after 
calving especially in heifers. However, during the dry period in normal 
cows, the secretion changes from normal milk to clear water fluid, then 
honey and finally cholesterol in the last few days before parturition 
(Blood, et al., 1983).  
1.1.9.3 Udder abnormalities: 
 Abnormalities of the udder vary according to the severity of the 
inflammation (Aiello, 1998). In severe cases there may be early gangrene 
abscess which develop in the glandular tissues. Diffused swelling 
accompanied by heat and pain is marked to acute inflammations. Local 
areas of fibrosis may occur in a quarter, varied in size from peak-like 
lesion to masses as large as a first (Blood et al., 1983). In severe chronic 
mastitis the affected glands gradually become less productive and may 
atrophy and slowly become firm (Aiello, 1998). 
1.1.9.4 Rapid method for detection of bacterial mastitis: 
       Traditional methods for detection and characterization of bacteria in 
milk require special equipment and are too slow for application in on-site 
diagnosis and treatment of moderate and severe clinical mastitis. Siamak 
et al. (2001) described a rapid method for detection of bacterial mastitis. 
Based on staining properties, the technique allowed the differentiation 
between Gram-positive and Gram-negative bacteria which can cause 
mastitis. The technique is based on dilution of the sample in a medium, 
followed by filtration through a polysulfone membrane with a pore size 
retaining and concentrating bacteria from the sample. The bacteria 
concentrated on the surface of the membrane are then stained with 
cationic dye (toluidine blue) that can be visualized by the naked eye. 
After staining the membrane is treated with ethanol acetic acid (pH 2.8 to 
3), which cause decolonization of Gram-negative bacteria, whereas 
Gram-positive bacteria retain to stain. The method does not require heat 
fixation, electrical power, microscopic examination, or specially trained 
personnel. The time needed to perform the test is approximately 5 
minutes. They said that preliminary testing was performed to determine 
the procedures and concentrations arrived at in the final filtration method. 
The reagent developed to treat milk samples contains the nonionic 
detergent Triton X-100, which facilitates the passage of milk through the 
filter. Addition of salts (NaCl) to the reagent increased solubilization of 
samples and augmented the effect of the detergent in the sample solution. 
EDTA also increased solubilization of milk samples. The final pH (10.3 
to 10.8) of the mixture also promoted filtration process. The 
solubilization of milk samples was more rapid at higher temperature i.e, 
when the milk reagent mixture was kept under hot tap water for 
approximately two minutes. Toluidine blue was used to stain the bacteria 
captured on the filter. This compound is an amine-substituted 
phynothiasine, which has the ability to bind with Gram-positive as well as 
Gram-negative bacteria. The bacterial surface has a net negative charge at 
pHs above 2. Toludine blue binds to the anionic sites on the surface of 
bacteria and this binding is suggested to be stronger in Gram-positive 
than Gram-negative bacteria. The combination of toluidine blue for 
staining and polysulfonic filters constitutes a unique combination that 
allows specific bacterial staining with negligible background staining of 
the filters.  
1.1.9.5. Genotyping of Escherichia  coli: 
 Bradley and Green (2001b) described the adaptation of 
Escherichia coli to bovine mammary gland. They compared the 
genotypes of strains involved in recurrent cases of Escherichia coli 
mastitis by DNA fingerprinting with enterobacterial repetitive intergenic 
primers (ERIC). In 85.7% of cases of recurrent quarters E. coli mastitis, 
the same genotype was implicated as the cause of disease, suggesting 
persistence of the organism within the mammary environment. Johns et 
al. (1990) described a new DNA polymorphism assay based on the 
amplification of random DNA segments with single primers of arbitrary 
nucleotide sequences. Versalovic et al. (1991) used consensus 
oligonucleotides in polymerase chain reaction (PCR) to assess the 
distribution and evolutionary conservation of two distinct prokaryotic 
repetitive elements and slot blot hybridization experiments with genomic 
DNA from diverse bacterial species. Oligonucleotides matching repetitive 
extragenic paindromic (REP) elements and enterobacterial repetitive 
intergenic consensus (ERIC) sequences were synthesized and tested as 
opposing PCR primers. They concluded that wide spread distribution of 
these repetitive DNA elements in the genomes of various microorganisms 
should enable rapid identification of bacterial species and strains and can 
be useful for the analysis of prokaryotic genomes. Bradley and Green 
(2001) examined 337 cases of clinical mastitis; E. coli was the most 
common cause of clinical mastitis, accounting for 34.7% of all isolates. 
One hundred seventeen cases of clinical E. coli mastitis occurred in 100 
quarters of 89 cows, 11% of lactating cows suffered a case of clinical E. 
coli mastitis during the study period (12 months). Thirteen cows 
experienced two cases of clinical E. coli mastitis, 2 cows had three 
recurrent cases, 2 cows had five recurrent cases and one cow had six 
recurrent cases. Of all the cases of clinical E. coli mastitis, 41% (48 of 
117) occurred in these 18 cows, which represented just 2.2% of the 
population. A total of 14.5% (17 of 117) of the cases of clinical E. coli 
mastitis occurred in quarters that had previously suffered a case of 
mastitis due to different species of mastitis pathogens. At the quarter 
level, 10 quarters experienced two cases of the cases of clinical E. coli 
mastitis, and two quarters experienced four cases. Of all of the cases of 
clinical E. coli mastitis, 23.9% (28 of 117) occurred in quarters that 
experienced two or more cases of clinical E. coli mastitis. A total of 6% 
(6 of 117) of all the cases of clinical E. coli mastitis occurred in quarters 
that had previously suffered from clinical mastitis due to different 
pathogens. Dopfer et al. (1999) determined the genotype of the E. coli 
strains by the means of PCR using ERIC primers. Quarters in which the 
same E. coli genotype found was considered to be persistently infected. 
In 4.77% of all episodes of clinical mastitis caused by E. coli, persistent 
intamammary infections caused by the same E. coli genotype were found. 
In 13.04% of all episodes of clinical mastitis caused by E. coli in the 
study different E. coli genotypes were isolated from recurrent episodes of 
clinical mastitis within the same cow, indicating that these cows were 
highly susceptible to recurrent intramammary infections caused by E. 
coli. 
1.1.10 Mastitis control: 
         The International Mastitis Conference (Hogeveen, 2005) edited that 
mastitis is one of the most important diseases caused by multiple 
pathogens and its control remains a difficult issue.  
Sources of infection may be the soil or poor hygienic problems at 
milking (Blood et al., 1983). Good infusion technique, proper sanitation 
of hands and teat ends, wearing gloves and using single treatment devices 
are highly effective prevention measures (NYSCHAP, 2003). During 
treatment, Keeping stalls and looting areas clean and dry either during 
lactation or dry period, using an aseptically prepared antibiotic and 
thorough disinfection of the teat with alcohol prior to infusion lead to 
good control (Anonymous, 2003).   
 
1.1.10.1 Treatment of mastitis: 
Treatment of mastitis should be endeavored to remove infection 
from the quarters. However, the yield of milk, although it can be 
improved by the removal of congestion in the gland and inflammatory 
debris from the duck system is unlikely to return to normal at least, until 
the next lactation (Blood et al., 1985).  
Countries differ in their practices and police to treat mastitis. In 
many countries, antimicrobials are available to farm personnel and 
treatment decision and drug selection is made by them. In those 
conditions it is hard to imagine how new information about the 
pharmacokinetics and pharmacodynamics of mastitis drugs and advances 
in mastitis therapy could be taken into the field (Satu, 2002). Diagnosis of 
mastitis and assessment of prognosis needs also improvement; the 
concept of one broad-spectrum antibiotic treatment of standard duration 
for all mastitis types is outdated. Broad-spectrum intramammary such as 
3rd or 4th generation cephalosporins are in some countries marked for all 
mastitis treatment (Bradley and Green, 2001a). This does not agree with 
prudent use guidelines, and may enhance emergence of wide-spectrum 
beta-lactamase production among bacteria. These substances are less 
efficient than narrow-spectrum preparations against Gram-positive 
mastitis pathogens, as they are more targeted towards Gram-negative 
bacteria. In general, a short withdrawal time alone can't be the sole basis 
for treatment if the efficacy and safety are questionable (Satu, 2002). 
In acute clinical mastitis, a rapid diagnosis is necessary for this 
purpose. Selective diagnostic media are available to allow rapid diagnosis 
and treatment can then be re-evaluated and targeted towards the specific 
pathogen (Satu, 2002). 
 
 
1.2 Coliform mastitis: 
1.2.1 Definition:  
         Coliform mastitis is an environmental mastitis caused by members 
of Enterobacteriaceae namely E. coli, Klebsiella spp. and Enterobacter 
spp. These bacteria originate from the cows environment, especially those 
areas contaminated by cow manure (Radostitis et al., 1997). 
1.2.2 The incidence of the disease: 
 As Jones (1990) stated, coliform mastitis was first reported by 
Murphy and Hanson (1943) and Fey (1949). Howell (1972) showed that 
E. coli was one of the causative organisms of bovine mastitis. McDonald 
et al. (1970) isolated aerobic Gram-negative bacilli from udder infections 
and the organisms were E. coli (55%), E. aerogenes (20%), Klbesiella 
pneomoniae (12%) and Proteus spp. (8%).  
1.2.3 Epidemiology: 
 Coliform mastitis is found worldwide and it occurs most 
commonly in the lactating cows within the first weeks after calving. 
Approximately 8 – 10% of clinical coliform mastitis infections are 
manifested as peracute mastitis within a few days of calving (Radostitis et 
al., 1997). Classically, the non-lactating mammary gland has been 
considered refractory to coliform infection (Andrew et al., 2000).There 
has been an increase in coliform mastitis, especially in well managed 
herds with low somatic cell count (SCC), infection of the mammary gland 
is dependent on the interaction between pathogenic, environmental and 
animal risk factors (Andrew et al., 2000). 
1.2.3.1 Pathogenic risk factors: 
        Pathogenic risk factors include virulence and quantity of E. coli 
involved in the infection. Gram-negative bacteria possess lipopoly-
sacchrides or endotoxins, which form part of the outer layer of the cell 
wall and are released during the rapid growth phase. This released 
endotoxin trigger the inflammatory response. Escherichia coli that cause 
mastitis possess fibronectin binding property that allows it to adhere to 
ductular epithelium which may increase its virulence (Quinn et al., 1999).  
1.2.3.2 Environmental risk factors: 
 Environmental risk factors include the type of bedding and the 
degree of contamination with the environment. Contamination of the 
udder and teats occurs primarily between milking when the cow is in 
contact with contaminated bedding, rather than at the time of milking. 
Feces which commonly provide the source of E. coli could also 
contaminate washcloths, teat cups and milkers hands. Inadequate drying 
of the udder and the teats after the pre-milking washing can lead to 
drainage of coliform contaminated water down into the teat cups and 
subsequent infection (Radostitis et al., 1994). 
1.2.3.3 Animal risk factors: 
 Animal risk factors such as the stage of lactation, the milk SCC, 
the ability of the cow to counteract the affects of endotoxin, and the 
defense mechanisms of the udder all determine the animal’s susceptibility 
to coliform mastitis. Coliform mastitis occurs almost entirely in the 
lactating cow with cows/herds having low SCC. Resistance to infection is 
least in the transition phases of the mammary gland: the first two weeks 
of the drying-off period; and the two weeks prior to calving. Peracute 
mastitis occurring in the first two weeks may be due to latent infections 
that occur in the dry period (Andrew et al., 2000). 
         Other possible determinants of susceptibility or resistance to new 
intramammary infection include changes in concentration of lactoferrin, 
IgG, bovine serum albumin and citrate. A primary factor that determines 
severity of the disease is the speed of neutrophil mobilization into the 
mammary gland. Evidence suggested that there is a slow increase in 
neutrophils in milk when infections occur in early lactation versus in mid 
to late lactation (Andrew et al., 2000). 
1.2.4 Pathogenesis and clinical signs: 
Entry into the mammary gland occurs via the teat canal once 
infection has occurred; the E. coli proliferate in great numbers and 
produce endotoxin. The release of this endotoxin triggers a cascade of 
inflammatory responses resulting in acute swelling of the mammary 
gland and a marked increase in the number of neutrophils in the milk. The 
promptness and efficiency of the neutrophil response are major factors in 
determining the outcome (Quinn et al., 2001). 
Coliform mastitis can range in severity from peracute to sub-
clinical. Peracute coliform mastitis is characterized by a sudden onset of 
agalactia and toxemia predominantly in the first two weeks of calving. 
The affected quarters are worm and swollen while the discolored milk has 
small clots. Typical signs include fever, severe depression, shivering and 
complete anorexia, recumbency and death may follow in few hours. In 
the acute and subacute form, the clinical signs are mild and of short 
duration the chronic form is characterized by repeated episodes of 
subacute mastitis. Sub-clinical coliform mastitis has no clinical signs and 
is detected by increase in the leukocyte cell count in the milk (Radostitis 
et al., 1994). 
1.2.5 Diagnosis: 
 A tentative diagnosis of coliform mastitis, especially the peracute 
form, could be made by a history of recent calving and clinical signs with 
a marked reduction in white blood cell counts (leucopenia and 
Neutrogena). Definitive diagnosis is made via bacteriological culture; 
however, the duration of bacteria in the milk may be very short and lead 
to misdiagnosis of no growth on culture examination (Quinn et al., 2001).   
1.2.6 Control: 
         Principles of mastitis control effective for streptococcal and 
staphylococcal infection have not been successful in controlling coliform 
mastitis (Radostitis et al., 1994). 
Control is best achieved by maintaining a high level of hygiene in 
both housing and mixing practices in susceptible herds to minimize 
exposure. Management of the dry cow environment is important due to 
increased susceptibility at this time. Overcrowding should be avoided and 
bedding for all cows must be clean and dry (Huxley        et al., 2001). 
Adequate ventilation is important to keep humidity levels low. The use of 
teat dipping before milking reduces the population of contaminating 
bacteria on the teats but post-milking teat dipping has not been effective 
(Bradeley and Green, 2001b). Maximizing the resistance of the cow 
through good nutrition and sanitary husbandry practices are good control 
measures. Specific immunity to Gram-negative core antigens by the 
vaccination of cows during the dry period and early lactation with an E. 
coli J5 vaccine is a management aid to reduce the incidence and severity 
of clinical coliform mastitis (Radostitis et al., 1994). 
1.2.6.1 Treatment: 
 The treatment protocol for coliform mastitis remains controversial. 
Common treatment practices include the use of antibiotics. However, the 
validity of this has been questioned since the animal succumbs to the 
endotoxins and the clinical signs of mastitis are first observed hours after 
peak of bacterial numbers occur. Most acute and subacute cases of 
coliform mastitis are thought to be self-limiting and resolve on their own 
without any treatment (Huxley et al., 2001). In general, broad-spectrum 
antibiotics are recommended parenterally and as intramammary infusions. 
Fluid and electrolytes and oxytocin are essential in the treatment of 
peracute coliform mastitis, followed by vigorous massage and stripping, 
helps remove inflammation such as dexame-thasone and flunixine are 
used with variable results (Radostitis et al., 1997). 
         The therapeutic measures to dry cows especially in peracute and 
acute  E. coli mastitis is to combat the effects of endotoxin. Supportive 
therapy in the form of intravenous fluids and anti-inflammatory drugs and 
Oxytocin, in combination with hand stripping, assist in the removal of the 
organisms, their toxins and inflammatory debris, (Quinn et al., 2001).   
1.2.6.2 Vaccination: 
         Recently a vaccine for coliform mastitis, based on rough mutant E. 
coli (strain 15) has been available in the United Kingdom. Use of the 
vaccine is not associated with reduction of new dry period coliform 
intramammary infections, but has been shown to decrease the incidence 
and severity of clinical coliform cases. This vaccine will have a role, 
alongside with other preventive measures, in the control of Gram-
negative mastitis. It should be stressed that the vaccine is not a substitute 
for correct management but should be used as an aid to reduce the 
incidence and severity of coliform mastitis (Andrew et al., 2000). 
 
 
 
 
 
 
 
                                        CHAPTER TWO 
MATERIALS AND METHODS 
2.1. Sterilization: 
a. Flaming: 
It was used to sterilize glass slides, needles and scalpels. 
b. Red heat: 
It was used to sterilize wire loops, points and searing spatulas by 
holding them over Bunsen burner flame until became red-hot. 
c. Hot air oven: 
It was used to sterilize glass wares such as test tubes, graduated 
pipettes, flasks, forceps and cotton swabs. The holding period was one hour at 
170°C. 
d. Steaming at 100°C: 
Repeated steaming (Tyndallization) was used for the sterilization of 
sugars and media that could not be autoclaved without determent effect to 
their constituents. It was carried out as described by Cruckshank et al. (1975). 
e. Moist heat (autoclave): 
Autoclaving at 121°C (15 Ib/inch2) for 15 minutes was used for the 
sterilization of media and plastic wares. Autoclaving at 115°C (10 Ib/inch2) 
for 10 minutes was used for sterilization of sugar containing media. 
2.2 Reagents and indicators: 
2.2.1 Reagents: 
2.2.1.1 Alpha-naphthol solution (BDH): 
 This reagent was prepared as 5% aqueous solution for Voges-Proskauer 
(VP) test. 
 
 
2.2.1.2 Potassium hydroxide: 
 It was used for Voges-Proskauer test and was prepared according to 
Barrow and Feltham (1993) as 4% aqueous solution.  
 2.2.1.3 Hydrogen peroxide: 
This reagent was obtained from Agropharm (Buckingham, England). It 
was prepared as 3% aqueous solution and used for catalase test. 
2.2.1.4 Methyl red reagent: 
It was prepared by dissolving methyl red (0.04 g) in ethanol (40 ml). 
The volume was made to 100 ml with distilled water. It was used for methyl 
red test (MR). 
2.2.1.5 Tetra methyl-p-phenylene diamine dihydrochloride: 
 This was prepared in a concentration of 3% aqueous solution and was 
used for oxidase test.  
 2.2.1.6 Nitrate test reagent: 
 Nitrate test reagent consisted of two solutions and they were prepared 
according to Barrow and Feltham (1993). Solution A was composed of 0.33% 
sulphanilic acid dissolved by gentle heating in 5 N-acetic acid. Solution B was 
composed of 0.6% dimethyelamine-alfa -naphthylamine dissolved by gentle 
heating in 5 N-acetic acid. 
2.2.1.7 Kovac's reagent: 
 This reagent composed of 5g para-dimethylaminobenzaldehyde, 75 ml 
amyl alcohol and 25 ml concentrated hydrochloride acid. It was prepared by 
dissolving the aldehyde in the alcohol by heating in water bath, then cooled 
and the acid was added. It was stored at 4º C and used in indole test. 
 
 
2.2.2 Indicators: 
2.2.2.1 Andrade's indicator: 
 It was composed of acidic fuchsin (5 grams), distilled water 1 liter and 
N-NaOH (150 ml). The acidic fuchsin was dissolved in distilled water, and 
then the alkali solution was added, mixed and allowed to stand at room 
temperature for 24h with frequent shaking until the color changed from red to 
brown. 
2.2.2.2 Bromothymol blue (BDH):  
  The solution was prepared by dissolving 0.2g of the bromothymol blue 
powder in 100 ml distilled water. 
2.2.2.3 Phenol red: 
 It was prepared as 0.2% aqueous solution.(Hopkins and William Ltd, 
London). 
2.3 Collection of blood for enriched media: 
          Blood for enriched media was collected aseptically into a sterile flask 
containing glass beads by veni-puncture of the jugular vein of healthy sheep 
kept for this purpose. The blood was defibrinated by shaking, and it was then 
stored in 10 ml amount at 4°C till used.  
2.4 Preparation of media: 
2.4.1 Nutrient broth (Oxoid): 
 Thirteen grams of nutrient broth powder were dissolved in one liter of 
distilled water, mixed well, distributed in 3 ml amount into clean test tubes 
and sterilized at 115°C for 15 minutes.  
 
 
 
 
2.4.2 Peptone water (Oxoid): 
 Fifty grams of peptone water powder were dissolved in one liter of 
distilled water, distributed in 3 ml amount into clean test tubes and sterilized.  
2.4.3 Peptone water sugars: 
 It contained peptone water (900 ml), Andrade's indicator (10 ml), sugar 
solution (10 ml) and distilled water (90 ml). The pH of peptone water was 
adjusted to 7.1 – 7.3 before the addition of Andrade's indicator. The complete 
medium was mixed well, distributed in portion of 2 ml volume into clean test 
tubes containing inverted Durham's tube sterilized. 2.4.4 Nitrate broth: 
         One gram of potassium nitrate was dissolved in 1 liter of nutrient broth, 
distributed in 5 ml amount into test tubes and sterilized.  
2.4.5 Glucose- Phosphate Medium (MR-VP Test medium): 
 Peptone (5g) and powder buffer solution (5g) were added to 1 liter of 
distilled water, dissolved by steaming, filtered and pH was adjusted to 7.5. 
Then 5g of glucose were added, mixed well, distributed into clean test tubes 
and sterilized.  
2.4.6 Nutrient agar (Oxoid): 
 To one liter of nutrient broth, 15g of agar were added; it was dissolved 
by boiling and sterilized. It was cooled to about 50ºC and distributed in 15 ml 
amount per plate. The poured plates were left to solidify at room temperature 
on leveled surface. 
2.4.7 Blood agar (Oxoid): 
Forty grams of blood agar base No.2 were suspended in 1 liter of 
distilled water, dissolved by boiling, mixed and sterilized. The medium was 
cooled to about 50ºC and defibrinated sheep blood was added aseptically to 
give final concentration of 10%, mixed gently and distributed into sterile 
petri-dishs. The poured plates were allowed to solidify at room temperature on 
a flat surface.  
2.4.8 Diagnostic sensitivity test agar (DST) (Oxoid): 
 Forty grams of the medium were suspended in one liter of distilled 
water, then brought to boil to dissolve completely, sterilized and dispended 
into sterile Petri dishes 15 ml each. The poured plates were left to solidify at 
room temperature on a leveled surface. 
2.4.9 MacConkey agar (Oxoid):  
 Fifty two grams of MacConkey agar were suspended in one liter of 
distilled water, brought to boil to dissolve the ingredients completely, then 
sterilized by autoclaving at 121ºC for 15 minutes and poured into sterile Petri 
dishes in 15 ml amounts. The poured plates were left to solidify at room 
temperature on flat surface. 
2.4.10 Motility medium:  
 Thirteen grams of dehydrated nutrient broth were added to 5g of agar 
No.1 (Oxoid) and dissolved in one liter of distilled water. The pH was 
adjusted to 7.4. This medium was dispended in volume of 5 ml into test tubes 
containing the Craigie tubes. The medium was then sterilized. 
2.4.11 Hugh and Leifson's (O/F) medium: 
          Two grams of peptone powder, 5 grams of sodium chloride, and 0.3 
grams of potassium hypophosphate and 3 grams of agar were added to one 
liter of distilled water. The mixture was heated in water path at 55º C to 
dissolve the solids. The pH was adjusted to 7.1 and the medium was filtered, 
then the indicator bromothymol blue (0.2% aqueous solution) was added and 
the mixture was sterilized. Filtered sterile glucose solution was added 
aseptically to give final concentration of 1%. The medium was then mixed and 
distributed aseptically into 10 ml amount sterile test tubes (16 mm in 
diameter).  
 
2.4.12 Glucose phosphate medium:  
Ten grams of   peptone and five grams of K2HPO4 were added to one 
liter distilled water. The mixture was dissolved by steaming, filtered through a 
filter pulp and the pH was adjusted to 7.5. The other five grams of glucose 
were added, mixed and distributed into test tubes and sterilized at 110ºC for 
10 minutes 
2.5 Collection of samples: 
One-hundred and seventy cows at the Military Corporation farm 
(Kafory) were followed for cases of mastitis in the period between May 2004 
to June 2005. All cows were subjected to clinical examinations (visual 
observation combined with palpation of the udder). Before taking samples the 
udder was first cleaned with soap and water and then dried with clean towels. 
The teats and teat orifice were swapped with 75% alcohol and dried with 
cleaned cloth. The first milk was discarded and approximately 3-5 ml milk 
from quarters were taken into sterile MacCartney bottles, labeled and stored 
immediately at 5ºC.  
 Samples were collected twice from cows during the dry and lactation periods 
i.e. a total of 340 samples were collected. 
Milk samples collected during lactation period were screened with 
California Mastitis Test (CMT). Only positive CMT samples and samples 
collected during dry period were subjected to bacteriological investigation.  
2.6 California Mastitis Test (CMT): 
2.6.1 Materials: 
2.6.1.1 CMT Reagent: 
The reagent was obtained from Imperial Chemical Industries (ICI, 
England). It consists of an anionic detergent and reacts with DNA librated 
from the lymphocyte cells in milk.  
2.6.1.2 Plastic paddle: 
The plastic paddle has a shallow cup which can be marked to 
correspond to the four quarters of the udder, all of which can be examined 
simultaneously. 
2.6.2 Method: 
The test was done in the farm. To about 3 ml of milk from each quarter, an 
equal amount of CMT reagent was added. The inclusion of bromcresol purple 
in the reagent is helpful in recognizing pH changes in the milk. The milk and 
reagent were mixed by gentle circular rotation of the paddle held horizontally 
(Kelly, 1983). The results of the test which can be applied to foremilk, 
stripping or mixed bucket or bulk samples were calibrated as follows:  
Trace      Slightly precipitate forms which dissolve with mixing  
 1+          Slimy gel forms 
 2+           Gel becomes thick and flocculent 
 3+           Gel becomes viscous and tacky 
With foremilk from individual cows a reaction 1+ should be classified as 
suspicious and reactions 2+ and 3+ as indicative of mastitis. A reaction 1+ 
with herd bulk milk suggests that at least 20% of the lactating cows have 
mastitis, or that a large percentage of them are nearing the end  of  their  
lactations, observations have suggested that the most reliable 
Results are obtained when the test is performed with milk drawn 3-5 hours 
after normal milking (Kelly, 1983). The reactions occurring in the CMT was 
correlated with cell counts as described in table (1): 
 
 
 
 
Table (1): Approximate ranges in Somatic Cell Count for (CMT) scores. 
Somatic cell range 
(cells/ml) Test appearance Score 
400000 Slightly precipitate forms which dissolved by mixing Trace 
500000-1000000 Slimy 1+ 
1000000-2000000 Gel becomes thick and flocculent 2+ 
2000000-4000000 Gel becomes viscous and tacky 3+ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.7 Laboratory examinations of milk samples:   
2.7.1 Cultivation of samples: 
      Milk samples were first pre incubated at 37º C overnight then streaked 
onto Blood agar and MacConkey agar plates. The plates were then incubated 
for 24-48 hours at 37ºC. Plates were discarded as negative when no growth 
was detected after the incubation period.  
2.7.2 Purification: 
     All isolated bacteria were purified by repeated subculture from a single 
well-separated colony on fresh blood agar plates. The purity of the culture was 
checked by examining Gram- stained smears. Only Gram negative isolates 
were stored at 4ºC on blood agar slopes and subjected to identification up to 
the species level. 
2.7.3 Identification of isolates: 
     The purified isolates were identified according to the criteria described by 
Barrow and Feltham (1993). This included microscopic, cultural and 
biochemical characterization.  
2.7.3.1 Microscopic Examination: 
      Smears were made from each type of colony on primary culture and 
from purified colonies, air dried, fixed by heating and stained by the Gram 
method (Barrow and Feltham, 1993). The stained smears were examined 
microscopically under oil emersion lens for cell morphology and staining 
reaction.  
2.7.3.2 Biochemical methods: 
2.7.3.2.1 Catalase test: 
          A drop of 3% H2O2 was placed on clean slide and a colony of tested 
culture on nutrient agar was picked by glass rod and added to the drop of 3% 
H2O2. A positive reaction was indicated by production of air bubbles. 
2.7.3.2.2 Oxidase test: 
       Strip of filter paper was soaked in 1% of solution of tetramethyl-p-
phynyl diamine dihydrochloride, dried in hot air oven and then placed on 
clean glass slide by sterile forceps. A fresh young tested culture on nutrient 
agar was picked off with sterile glass rod and rubbed on the filter paper strip. 
The reaction was considered positive when a purple color developed within 5-
10 seconds. 
2.7.3.2.3 Oxidation-fermentation (O/F) test: 
      Two tubes of the medium were inoculated by stabbing with straight 
wire. One of the test tubes was sealed with sterile soft paraffin oil to provide 
anaerobic condition. The tubes were then incubated at 37ºC for up to fourteen 
days. Yellow color development in opened tube only indicated oxidation of 
glucose; Yellow color in both tubes denoted fermentation reaction and blue or 
green color in the open tube and yellow color in the sealed tube indicated 
production of alkali. 
2.7.3.2.4 Sugar fermentation test: 
       The peptone water sugar was inoculated with organism under the test, 
incubated at 37ºC and then examined daily for several days. Acid production 
was indicated by appearance of reddish color, while gas production was 
indicated by presence of empty space in the inverted Durham's tubes. 
2.7.3.2.5 Indole production test: 
       The tested organism was inoculated into peptone water and incubated at 
37ºC for 48 hours. One ml of Kovacs reagent was run down along side of the 
test tube. Appearance of pink color on the surface of the culture within a 
minute indicated a positive reaction. 
 
 
2.7.3.2.6 Methyl red (MR) test: 
        The tested organism was inoculated into glucose phosphate medium 
(MR-VP medium) then incubated at 37ºC for 48 hours. Two drops of methyl 
red reagent were added, shaken well and examined. Appearance of red color 
indicated positive reaction, whereas yellow or orange color indicated a 
negative reaction. 
2.7.3.2.7 Voges-Proskauer (VP) test: 
          The test culture was inoculated into glucose phosphate medium (MR-
VP medium) and incubated at 37ºC for 48 hours. Three milliliter of 5% alpha 
naphthol solution and one milliliter of 40% potassium hydroxide were added. 
When bright pink color developed within 30 minutes, the reaction was 
regarded as positive. 
2.7.3.2.8 Nitrate reduction test: 
     The nitrate reduction test was carried out as described by Barrow and 
Feltham (1993).The test culture was lightly inoculated into nitrate broth and 
incubated at 37ºC for two days. Then 1 ml of solution A followed by 1 ml of 
solution B of nitrate test reagents were added. If a red color did not develop, 
powdered zinc was added to see whether there was residual nitrate or not. Red 
color development indicated that nitrate in medium had been reduced to nitrite 
by zinc but not by organism, whereas unchanged color indicated that the 
nitrate in original medium had been reduced completely to nitrite which was 
further broken down by organism. 
2.7.3.2.9 Urease test: 
      The slant surface of urea agar medium was streaked with the test 
cultures and incubated at 37ºC for 24-48 hours. The development of a pink 
color was indicative of production of NH3. Negative and weak tests were left 
for a week before taking results. 
2.7.3.2.10 Hydrogen sulphide production: 
      Peptone water was inoculated with test organisms and a lead acetate 
paper was placed between the cotton plug and tube, incubated at 37ºC and 
examined daily for a week. Blackness of the paper was considered positive. 
2.7.3.2.11 Motility test: 
          A part of colony of the bacterium under test was picked by the end of 
the straight wire and stapped in the center of semi solid agar in the Craigie 
tube and then incubated at 37ºC over night. The organism was considered 
motile if there was a growth in the medium outside the Craigie tube. 
2.7.3.2.12 Antibiotic sensitivity test: 
         The test was applied to the isolated Escherichia coli (40 isolates) which 
were tested using the disc method as described by Cruickshank et al. (1975). 
Eight different antibiotics namely Ampicillin, Colistin sulphate, Co-
trimoxazole, Gentamicin, Naledixic acid, Nitrofurantoin, Tetracycline and 
Streptomycin were included in the test. 
1 ml of an overnight broth culture of each isolate was used to inoculate 
the surface of DST agar. The excess culture was removed by aspiration and 
the plate was left to dry on the bench for half an hour. Then sterile multi disc 
paper (Abtek Biologicals) was placed on the agar then incubated at 37ºC for 
24 hours. The sensitivity of the isolate was indicated by detection of zones of 
inhibition (measured in mm) around discs.    
2.8 Polymerase Chain Reaction (PCR): 
        The test was done according to Versalovic et al. (1991) to determine the 
genotypes of E. coli that were responsible of mastitis in the farm and whether 
the isolates were also responsible of recurrent infections.   
2.8.1 DNA extraction: 
2.8.1.1 Materials: 
Cultures of E. coli isolates on nutrient agar. 
Reagents and solutions: 
         -Doubled Distilled Water (DDW). 
Equipments: 
- Refrigerator (4ºC) and deep freezer (-20ºC up to -80ºC). 
- Water bath. 
- Automatic pipettes of different volumes and suitable tips. 
- Vortex mixer and plastic gloves. 
- Centrifuge (Biometra, Germany).  
2.8.1.2 Method: 
     The extraction method was done according to Safa et al. (2006). Colonies 
were transferred to 1.5 eppendorf tube containing 30µl DDW and suspended 
by hard vortex. 
 DNA was extracted by boiling the mixture at 100º C for 30 minutes and 
then centrifuged at 12000 r/m for 15 minutes. The supernatant containing the 
extracted DNA was then taken and stored at 4º C for further use. 
2.8.2 Amplification of the extracted DNA: 
2.8.2.1 Materials: 
Reagents and solutions: 
- Tag DNA polymerase (CinnaGen Co). 
- Primers (MWG-Biotech AG Germany): 
Forward primer ERIC-1(5'-ATG TAA GCT CCT GGG GAT TCA C-3'). 
Reverse Primer ERIC-2 (5'- AAG TAA GTG ACT GGG GTG AGC G-3'). 
- Deoxynucleotide Triphosphate (dNTPs) (MWG-Biotech AG Germany). 
- MgCl2 (CinnaGen Co). 
- 10x reaction buffer (CinnaGen Co). 
2.8.2.2 Method: 
         Amplification of the extracted DNA from Escherichia coli cultures was 
done as described by Versalovic et al. (1991). Primers were purchased as 
freeze dried oligonucliotides (INVEROGEN), reconstituted in 1ml DDW and 
left overnight at 4ºC as stock solution. Working solution from each primer 
was prepared so as to contain 10 pmol/µl of oligonucliotide. 
         PCR was performed using a final volume of 50 µl including 36.25 µl 
DDW, 5 µl PCR buffer,1 µl dNTPs, 1.5 µl  ERIC-1, 1.5 µl  ERIC-2, 1.5 µl  
MgCL2, 3 µl Template and 0.25 µl Tag DNA Polymerase. 
         The PCR was carried out with uninterrupted program in TB3 thermal 
cycler (BIOMETRA, Geottingen, Germany) under the following conditions: 
1.  Preheating 93º C for 2 minutes. 
2.  Denaturation 93º C for 45seconds. 
3.  Annealing 55º C for 30 seconds. 
4. Extension 72º C for 1minute and 30 seconds. 
The last three steps were repeated for 30 cycles. 
2.8.3 Analysis of PCR product: 
2.8.3.1 Materials: 
- Agarose 1% (App. 5.1) 
- DNA tracking (loading dye) (App. 5.2). 
- Ethedium promide (App. 5.3). 
- Running buffer (App. 5.4). 
- Standard DNA molecular weight marker (ladder) (App. 5.5). 
Equipment: 
     - Standard power pack (P25, BIOMETRA). 
     - Mini Gel electrophoresis (BIOMETRA). 
     - Gel documentation system (BIODOG ANALAYZ, BIOMETRA, 
Germany). 
2.8.3.2 Method: 
         The PCR products were separated electrophoritically in 1% agarose gel 
containing ethidium promide (1 µl /40 ml agarose). 10 µl 100bp DNA ladder 
was loaded in the first slot of gel. Then 10 µl of PCR product were mixed with 
5 µl of loading dye and loaded on the other wells. 
         Electrophoresis was performed in mini gel electrophoresis using 75 volts 
for 45 minutes after the gel was covered with TAE buffer. DNA bands were 
detected and photographed using the gel documentation system. 
         Analysis of the DNA patterns and assigning the isolates to groups of 
relatedness was done according to the method described by Tenover et al. 
(1995). First, the most common pattern was identified which represent the 
pattern of the outbreak, then the size and number of the fragments in the 
outbreak pattern were compared with the fragments that make up the patterns 
of the other isolates, then each isolate pattern was classified for its relativeness 
to the outbreak pattern. Patterns that are distinctly different from the outbreak 
pattern (fewer than 50% fragments) were considered unrelated types. Patterns 
that differ from the outbreak pattern by two or three fragments were 
considered to be subtype of the outbreak pattern.  
2.9 Rapid method for detection of bacteria in milk: 
 The test was done as described by Siamak et al. (2001). 
2.9.1 Materials:  
2.9.1.1 Bacterial strains: 
     All strains used in this experiment namely Staphylococcus aureus, 
Escherichia coli, Streptococcus dysgalactiae, Pseudomonas aeruginosa, 
Streptococcus agalactiae and Klebsiella spp. were provided kindly by the 
Department of Microbiology, Fac. of Vet. Med., University of Khartoum. 
They were obtained as overnight broth cultures. 
  
 
2.9.1.2 Filter set: 
         It was composed of Millipore filter device (Bedford, Mass), membrane 
filter papers (0.45µm pore size) (Pall Gelman Science, Ann, Mich) and 10 ml 
sterile syringe. 
2.9.1.3 Milk Samples: 
.   Pasteurized milk samples (Bremer Company) for the standardization of the 
test. 
.     Mastitic milk samples (obtained from the Military Dairy farm).  
For mastitis milk samples with low liquid content, approximately 1 ml 
of milk sample was mixed with 1 ml of 0.9% NaCl and shaken for a few 
seconds prior to filtration. For field milk samples from cows with mastitis the 
same procedure was followed. 
2.9.1.4 Reagents: 
2.9.1.4.1 Reagent A:  
         It consisted of 1M NaCl, 0.5% Triton X-100 (Sigma) and 0.1M EDTA 
(Sigma) pH 12.5 
2.9.1.4.2 Reagent B: 
         Triton X-100 (1%)  (Sigma). 
2.9.1.4.3 Reagent C: 
         Toliudine blue (Sigma). 
2.9.1.4.4 Reagent D: 
 10% Ethanol, pH 2.8-3  
2.9.1.4.5 Normal saline: 
         The solution was prepared by adding 0.85grams of NaCl to 100ml of 
distilled water (Cheesbrough, 1995). 
 
 
 
2.9.1.5 Stains: 
2.9.1.5.1 Toluidine blue: 
         The stain was prepared as described by Cheesbrough, (1995). 1 gram of 
the powder was transferred to 50 ml of normal saline and was mixed to 
dissolve the dye, filtered in a dark bottle and stored at 4º C. 
2.9.2 Methods: 
- Study the sensitivity and reproducibility of the test: 
To determine the sensitivity of the test, one ml of broth culture 
containing approximately 109 CFU/ml of each bacterial strain was 10-fold 
serially diluted in the pasteurized milk to the 5th dilution. The test was then 
applied to each dilution in the series as illustrated in Fig (1). Pasteurized milk 
samples (without bacteria) were also included in the test as negative control. If 
no color was developed, the test was regarded as negative or bacterial number 
under detection limit. 
For reproducibility, the test was repeated many times using 
Staphylococcus aureus as Gram positive and Escherichia coli as Gram 
negative bacteria. 
- Examination of field mastitic milk samples:  
1. Milk samples were collected from cows suffering from severe clinical to 
moderate clinical mastitis. Thirty five milk samples were collected aseptically 
in 3ml volume into sterile McCartney bottle.     
2. Field mastitic milk samples with low liquid content were mixed with 1 ml 
normal saline. The procedure of the test was done as described before.    
 3. To confirm the test results all samples were streaked on blood agar to 
detect the type of bacteria in milk by isolation. 
 
 
  
Figure.1 Flowchart of the filtration technique by Siamak et al. (2001). 
 
 
 CHAPTER THREE 
RESULTS 
3.1 Survey: 
          A total of 340 milk samples were collected from 170 dairy cows 
(two samples were collected twice from the same cow at lactation and dry 
periods). Samples were investigated for mastitis using different methods. 
3.2 California Mastitis Test (CMT): 
         California Mastitis Test (CMT) was applied to milk samples which 
were collected during lactation period (170 samples). 130 (76%) of the 
samples were positive to CMT of which subclinical, clinical and 
hemorrhagic mastitis counted for 46%, 23% and 7% respectively (Figure 
2). Different samples were categorized in different CMT scores and 
compared with laboratory culturing; 27 (20.8%) samples had shown false 
positive results when cultured (table, 2). Gram-negative bacteria were 
mostly isolated from samples with slight change (trace and score 1+) 
while Gram-positive were isolated from samples with high CMT scores 
(2+ and 3+).  
3.3 Isolation of bacteria: 
Isolation results are shown in table (3). Isolation trials were carried 
out for whole samples collected during dry period and samples showed 
positive CMT during lactation period (a total of 300 milk samples).  
A total of 210  isolates (from 210 samples) were recovered while 
90 samples (30%) revealed no bacterial growth. 80 (38.09%) of the 
isolates were recovered from dry period samples, while 130 (61.9%) 
isolates were recovered from lactating period samples. 151(72%) of the 
isolated bacteria were Gram positive while 59 isolates (28%) were Gram 
negative bacteria.  
Table (4) shows the relation between type of mastitis and 
aetiological agent. Gram negative bacteria were isolated from 25% of 
subclinical mastitis, while from 20% of clinical mastitis. 
Table (5) shows the relation between the isolated Gram negative 
bacteria, type of mastitis and stage of lactation. Escherichia coli was the 
most frequently isolated Gram negative bacteria from both clinical and 
subclinical mastitis, Forty isolates (69%) were Escherichia coli, while 12 
isolates (20%) were Klebsiella spp, five isolates (8%) were Pseudomonas 
spp and 2 isolates (3%) were Salmonella spp. Pseudomonas and 
Salmonella spp were isolated only from subclinical mastitis. Only 
Escherichia coli and Pseudomonas were isolated from both dry and 
lactation periods. The growth characteristics and biochemical tests of the 
Gram negative species isolated in the present study were shown in table 
(6) and Figures 4, 5, 6 and 7. 
3.4 The role of Escherichia coli in mastitis in the farm: 
E. coli represented the most common Gram-negative bacteria 
which were isolated in this study from different types of mastitis during 
both lactation and dry periods. It was isolated from 19.04% of the total 
cases. Table (7) shows the role of E. coli in the incidence of clinical and 
subclinical mastitis. More than 60% of E. coli isolates were detected in 
subclinical mastitis. 50% of E. coli isolates, which were responsible for 
clinical mastitis, were isolated during the first month of lactation. 6 E. 
coli isolates were recovered from subclinical mastitis during the dry 
period while no isolate was recovered from a clinical case during that 
period. Other Gram-negative bacteria were isolated only from 9.04% of 
the total cases. Moreover, E. coli was isolated from five infected cows 
repeatedly during both dry and lactation periods.  
 
3.5 Antibiotic sensitivity test: 
      The antibiotic sensitivity test result of E. coli isolates (40 isolates) is 
illustrated in table (8) and figure (8). 
         All E. coli isolates were completely sensitive to Ampicillin, Colistin 
sulphate and Nitrofurantoin. Most of them (97.5%), were sensitive to Co-
trimoxazole and most of the isolates were resistant to Gentamicin, 
Naledixic acid, and Tetracycline.  
3.6 DNA fingerprinting for Escherichia coli isolates: 
         The DNA fingerprinting of different E. coli isolates was studied to: 
- Determine the genotypes that were responsible of the disease in the 
farm. 
- Study the role of E. coli isolates in recurrent cases of the disease 
and their tendency to persist in udder tissue of the investigated 
cows.  
Forty E. coli isolates were genetically analyzed. The results of 
isolates fingerprint are seen in figures 9 and 10 (A, B). 33 isolates had 
clear band patterns. Five different genotypes of E. coli were distinguished 
(Table 9) as described by Tenover et al. (1995). The outbreak strain 
counted for 11 isolates and represented by isolates in lanes 2D and 2L 
(figure 9) and lanes 7 and 8 (figure 10, A). Closely related strains counted 
for 5 isolates and represented by isolates in lanes 3D, 3L (figure 9). 
Possibly related strains counted for 8 isolates as seen in lanes 10, 11 
(figure 10, A) while unrelated strains counted for 8 isolates as seen in 
lanes 4D, 4L (figure 9). The last group was regarded as different strains 
and counted for 8 isolates and represented in lanes 1D,1L,5D,5L,(Figure 
9) and 4,6,(Figure 10, A).     
Figure 9 shows the banding profiles of ten E. coli isolates recovered from 
5 cows repeatedly during lactation and dry periods. The isolates from the 
same cow (at lactation and dry periods) showed identical banding 
profiles. 
         A comparison between the different genotypes and their sensitivity 
to different antibiotics is shown in table (10). Each genotypic group 
showed similar antibiotic sensitivity pattern for the tested antimicrobials.  
          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2: Comparison between CMT scores and isolated bacteria 
Isolated bacteria 
CMT 
score 
Number 
of 
samples 
SCC 
(cells/ml) 
Gram 
positive 
Gram 
negative 
Samples 
revealed 
no 
isolates 
Trace 23 400000 10 8 5 
1+ 50 500000-
1000000 
25 17 8 
2+ 44 1000000-
2000000 
30 4 10 
3+ 13 2000000-
4000000 
8 1 4 
-ve 40 - - - - 
 
 
 
Table 3: Dry and lactation periods samples compared by CMT and 
bacterial culture 
 
Stage of lactation 
Number 
of 
samples 
Positive 
for 
CMT 
Positive for 
bacterial 
culture 
Number 
of isolates Percentage 
Dry period samples 170 Not 
tested 
80 80 47.1% 
Lactation period 
samples 170 130 103 103 60.6% 
 
 
 
 
 
 
Table 4: Relation between types of mastitis and isolated bacteria  
Type of isolated bacteria 
Type of mastitis 
Gram- positive Gram- negative 
Clinical mastitis 80% 20% 
Subclinical mastitis 75% 25% 
 
 
 
 
 
 
 
 
 
 
Table5: Relation between Gram-negative isolates, stage of lactation 
and types of mastitis 
  
Gram negative 
bacteria  
Isolation during stage 
of lactation 
Clinical 
mastitis 
Subclinical 
mastitis 
Escherichia coli Dry and lactation periods 15 cases 25 cases 
Klebsiella spp. Dry period 1 case 11 case 
Pseudomonas spp. Dry and lactation periods No cases 5 cases 
Salmonella spp. Lactation period No cases 2 cases 
 
 
 
 
 
 
Table 6: Biochemical reactions of the isolated Gram negative bacteria 
from mastatic cows 
  
Organism 
 
Test 
 
E. coli Klebsiella 
spp. 
Pseudomonas 
spp. 
Salmonella 
spp. 
Gram reaction - - - - 
Motility + - + + 
Catalase + + - D 
Oxidase - - + - 
OF F F O F 
Citrate - + + + 
Urease - + d - 
Gas from glucose + + - + 
Lactose + + - - 
Maltose + + - + 
Sucrose d + - - 
Manitol + + - + 
Sorbitol + + - + 
Indole + - - - 
M.R + - - + 
V.P - + + - 
H2S - - - + 
+        Positive reactions                         -        Negative reaction 
d        Different reactions                      OF      Oxidation Fermentation test 
VP       Voges-Proskauer reaction         O   Oxiditive 
 
 
 
 
 
Table7: A comparison between E.coli mastitis and stage of lactation 
 
Stage of 
lactation 
E.coli in 
subclinical 
mastitis 
E.coli in 
clinical 
mastitis 
Total E.coli 
cases 
First month 3 cases (1.4%) 8 cases (3.8%) 11 cases (5.2%) 
2nd to 5th month 11 cases (5.2%) 3 cases (1.4%) 14 cases (6.7%) 
9th to 10th month 5 cases (2.4%) 4 cases (1.9 %) 9 cases (4.3%) 
Dry period 6 cases (2.85%) No cases 6 cases (2.85%) 
 
Table8: Antibiotic sensitivity test for Escherichia coli isolates      
 
Sensitivity results  
Antibiotic Sensitive 
(Percentage) 
Resistant 
(percentage) 
Ampicillin AM  40 (100%) 0                         (0%) 
Colistin sulphate 40 (100%) 0                         (0%) 
Co-trimoxazole  39 (97.5%) 1                      (2.5%) 
Gentamicin 6 (15%) 34                     (85%) 
Naledixic acid 5 (12.5%) 35                  (87.5%) 
Nitrofurantion 40 (100%) 0                        (0%) 
Tetracycline 9(22.5%) 31                  (77.5%) 
Streptomycin 12(30%) 28                     (70%) 
 
 
 
 
 
Table 9: Different genotypes of Escherichia coli isolates recovered 
from mastatic milk in the study 
 
Group of Strain Stage of lactation  Lanes number 
Outbreak strain Both dry and lactation  (2D,2L,7,8) 
Closely related strains Both dry and lactation    (3D,3L) 
Possibly related strains Both dry and lactation  (10,11) 
Unrelated strains Lactation period only  ( 4D,4L) 
 
Different strains Lactation period only (1D,1L,5D,5L,9,6,4,5) 
 
 
 
 
Table10: Comparison between the five genotypes of Escherichia coli 
isolates and their sensitivity to different antibiotics 
 
Antibiotic AMP COL GEN NAL NIT TET STRE 
Outbreak 
strains 100% 100% 100% R 100% R 57% S 
Closely 
related 100% 100% 100% R 100% 20% S 40% S 
Possibly 
related 100% 100% 33% R R 100% 25% S R 
Unrelated 
strains 100% 100% 50% R R 100% R 50% S 
Different 
strains 100% 100% 100% R 100% 50% S R 
S: Sensitive  R: Resistant   AMP: Ampicillin   COL: Colistin sulphate 
GEN: Gentamicin     NAL: Naledixic acid         NIT: Nitrofuranation   
TET: Tetracycline     STR: Streptomycin 
 
 
 
  
 
 
 
 
 
 
 
                  Figure 2: Results of California Mastitis Test 
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Figure 3: Gram-negative bacteria isolated from mastitic samples 
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Fig 4 : E.coli on MacConkey’s agar 
 Figure 5: Colonies of E. coli grown on Nutrient agar aerobically at 
37ºC for 24 hrs 
  
 
Figure 6: Colonies of Klebsiella spp grown on MacConkey agar at 
37ºC aerobically after overnight incubation 
 Figure 7: Colonies of Pseudomonas spp grown on nutrient agar at 
37ºC after overnight aerobic incubation 
 
 
Figure 8:     Antibiotic sensitivity test to Escherichia coli 
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Figure 9: DNA fingerprint of Escherichia coli strains isolated from 
five cows with recurrent cases of mastitis. 
 
M: Molecular marker 
N: Negative control 
L: Lactating period 
D: Dry period 
Isolates from the same cow were placed in adjacent lanes. 
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 Figure 10 (A): DNA fingerprint of Escherichia coli strains isolated 
from infected milk from different cows 
 
 
M: Molicular marker 
N: Negative control 
R: Reference strain   
Numbers refer to isolates.  
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 Figure 10(B): DNA fingerprint of Escherichia coli strains isolated  
from infected milk from different cows  
 
M: Molicular marker 
R: Reference strain   
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3.7 Results of the rapid method for detection of bacteria: 
         The analytical technique used in this study was applied to both 
Gram-positive and Gram-negative bacteria broth cultures diluted in 
pasteurized milk to determine the sensitivity and reproducibility of the 
test. After standardization, the test was applied to milk from naturally 
infected cows with moderate or severe clinical mastitis.  
         For reproducibility the test was applied to milk samples to which 
Staph. aureus and E. coli were added, and it was repeated many times. 
No false positive or false negative results were recorded. Deep blue 
discoloration of the membrane was observed in membranes retained 
Gram-positive bacteria, while light blue discoloration was observed on 
membranes retained Gram-negative bacteria. Control membrane 
remained colorless (Figure 11). 
        For sensitivity of the test the detection limit of the filtration method 
was determined using 10-fold dilutions of overnight cultures of 
Staphylococcus aureus and Escherichia coli in pasteurized milk.   
Pasteurized milk without addition of bacteria was also used as a negative 
control. The test remained sensitive (differentiate Gram-positive from 
Gram-negative bacteria) till the number of bacteria was 5×10 6 CFU/ml 
for Staphylococcus aureus and 1×10 6 CFU/ml for Escherichia coli. 
         For field samples thirty five mastitic milk samples (milk with moderate 
or severe clinical mastitis) were examined by the test and further cultured to 
determine the test accuracy. The results of the test were identical to the 
isolation results in 27 (table 11). 
 
 
 
Table11: Sensitivity and reproducibility of the rapid bacterial mastitis 
detecting test 
 
Type of samples  Sensitivity of the test     Culturing similarity 
Laboratory samples 
( Fourteen samples) 100% Similar 
Field samples 
(Thirty five samples) 91.5% 3 samples had no clear results 
 
         
 
Figure 11: Final results of the filtration method showing the 
difference for membranes remains Gram+ve, Gram -ve and 
no bacteria 
 
 
 
 CHAPTER FOUR 
DISCUSSION 
 
         Bovine mastitis is the most costly infectious disease in animal 
production. Of the multiple microbial pathogens that can cause bovine 
mastitis, the coliform bacteria namely Escherichia coli and Klebsiella 
spp. are pathogens most commonly isolated from intramammary 
infections. 
         In this study, milk samples from 170 lactating cows was 
investigated by California Mastitis Test (CMT), 76% of the samples were 
found positive by the test while 27(20.8) samples had shown false 
positive results when compared with culture. California Mastitis Test has 
many advantages; it is sensitive, simple, inexpensive and herds mastitis 
levels can be estimated from bulk milk. However, the disadvantages of 
the test includes the false positive reactions that occurs frequently in cows 
at the beginning of lactation (less than ten days), or in cows that are 
nearly to dry (Quinn et al., 2001). In addition to that, acute mastitis will 
not score positive due to the destruction of the leukocytes by toxins from 
the infecting organism (Radostitis et al., 1994).  
         The present study showed that the incidence of coliform mastitis 
was higher in cows with low Somatic Cell Count (SCC) than cows with 
high SCC and this supported the findings of Dopfer et al. (1999) and 
Bradley and Green (2001).    
         During the study, many factors were observed and thought to 
predispose the animals to mastitis. Contaminated bedding and milkers 
hands were experienced in the farms. In addition, pregnant cows were 
kept lactating till few days before parturition which was regarded as 
additional stress factor.  
Quinn et al. (1994) reported that mastitis can be caused by physical 
or chemical agents but the majority of cases are caused by bacteria and 
this was proved in this study as 70% 0f cultivated mastitic samples 
revealed bacterial isolates. Gram positive bacteria counted for (72%) of 
all isolates while coliform bacteria represented 28% of the isolates. 
Subclinical mastitis was the most frequently encountered type of 
mastitis in this study. It was reported that the wide distribution of 
subclinical mastitis is due to a number of factors such as poor hygiene, 
inadequate disinfection of udder and poor observation of technological 
requirements in the farm (Quinn et al., 1994). In this study, 80% of 
clinical cases and (75%) of subclinical cases were due to Gram-positive 
bacteria, while (20%) of clinical cases and (25%) of subclinical cases 
were due to Gram-negative bacteria 
In the present study Gram-negative isolates were identified to 
species level. It was found that Escherichia coli was the most frequently 
isolated organism and counted for 69% of all isolated Gram-negative 
bacteria while Klebsiella spp counted for 20%. 50% of the Gram-negative 
organisms were isolated in the dry period. This supported the findings of 
Andrew et al. (2000) who reported that the dry period has been 
implicated as a crucial period of acquisition of new Gram-negative 
intramammary infections, with more than 60% of all intramammary 
infections occurring during the period of their study. They explained that 
the contaminated bedding provide best environment for the pathogens to 
live and multiply. Accordingly a significant effort is needed for the 
management of dry cows. They also found that infected cows had a 
previous history of infection in the dry period.  
         In this study DNA fingerprinting was done for 40 Escherichia coli 
isolates recovered once from 35 cows and twice from five cows during 
dry and lactation periods. The DNA fingerprinting of the forty 
Escherichia coli isolates indicated that 5 genotypes were responsible of 
the disease in the farm. The diversity of the isolates indicated that sources 
of infection with these bacteria in the farm were different. Our findings 
supported that of Fuddle Elseed (2005) who reported that Escherichia 
coli was present in bulk tanks, milkers hands and milk utensils in dairy 
producing unit in Khartoum state. 
         Escherichia coli isolates were recovered from 5 cows repeatedly 
during lactation and dry periods. The genotypes of these strains were 
compared by DNA fingerprinting. All cases of recurrent mastitis were 
found to be caused by the same genotype. Bradley and Green (2001) 
found that 23.9% of clinical Escherichia coli cases occurred in quarters 
suffering recurrent cases of Escherichia coli mastitis. By genotypic 
analysis, 85.7% of the recurrent cases were due to Escherichia coli. 
Similar results were also obtained by Dopfer et al. (1999) who stated that 
Escherichia coli caused 13.04% of recurrent infections.  
Our study revealed that more than 50% of Escherichia coli 
infections occurred during the first month of lactation and this may 
support the previous finding that coliforms persist into udder tissue 
during the dry period and cause mastitis during 1st days of lactation. 
Huxley et al. (2002) reported that quarters that acquired a new dry period 
infection were at significantly greater risk of suffering a case of clinical 
mastitis in the first 100 days of the next lactation compared to healthy 
ones. Bradley and Green (2001) stated that cows treated with Gram 
negative spectrum product were found to be less likely to develop clinical 
Escherichia coli mastitis or coliform mastitis during the dry period or the 
first 100 days of lactation. 
       The sensitivity test of all Escherichia coli isolates was done to 
different antibiotics. There was a variation between the drugs, however 
ampicillin and colistin sulphate were the most effective antibiotics against 
all isolates.  This variation was considered to be reasonable because the 
owners usually administrate drugs without considering their sensitivity or 
complete the dose and this leads to the development of resistance against 
such drugs (Mohamed et al., 1995). In this study it was observed that 
Gentamicin, Tetracycline and Streptomycin, which are the most used 
antibiotics as intramamary infusions in Khartoum state, were the least 
effective antibiotics against tested Escherichia coli. In this study, E. coli 
isolates showed different antibiotic sensitivity patterns. This was 
explained by the fact that the isolates belonged to different genotypic 
groups in which the isolates had similar patterns. 
        Treatment of mastitis is usually started after isolation, identification 
and determination of antibiotic sensitivity patterns of isolates. This is 
actually time consuming and may expose the animal to severe infections. 
In the present study, a rapid method for the detection of bacterial mastitis 
was used. The method was found reproducible and its sensitivity was 
determined. Its accuracy counted for 91.5% to samples under field 
conditions. It was found highly beneficial in determining the type of 
bacteria (whether Gram positive or negative bacteria) causing the 
infection in relatively few minutes; it was also easy to perform under field 
conditions. However, preparation of reagents needs trained personnel. 
When the test is probably performed in the farm, the owner can decide in 
a matter of minutes which antibiotic should be used for treatment before 
isolation trials are carried out.  
Conclusions and Recommendations 
Conclusions 
- California Mastitis Test is a suitable test that should be used regularly 
to screen cows’ milk for subcilnical intramammary infections in dairy 
farms 
- Coliforms play an important role as a cause of subclinical mastitis in 
the investigated farm. 
- Infections may be acquired during dry period and Escherichia coli 
persist in the udder tissues to cause a recurrent disease at the 
beginning of the lactation period. 
- Different Escherichia coli genotypes were responsible of mastitis in 
kafory dairy farm which may indicate different sources of infection. 
- In clinical mastitis the new filter-staining technique will be helpful in 
detecting the type of bacteria responsible of the disease for the correct 
choice of antibiotic.  
Recommendations 
1. Detailed studies are needed to investigate different sources of 
infection due to coliform organisms in farms.  
2. The application of PCR for Escherichia coli isolates using ERIC 
primers will be helpful for comparative and genetic studies. 
3. Studies are needed to ascertain the beneficial role of the new filtration 
method in the field. 
4. Antibiotic sensitivity test should be carried out as a routine for 
bacterial causes of mastitis to detect resistant isolates and eliminate 
them with the suitable antibiotic. 
5. The role of other coliforms as a cause of mastitis should be studied.  
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Appendix 
 
5.1 Agarose 2%: 
          Two grams of agarose 2% were dissolved in 100 ml TAE buffer 
and heated in microwave oven for 45 seconds, left to cool and poured into 
electrophoresis champer. 
5.2 DNA taking (Loading dye):          
Bromo phenol blue              11% 
Clycerol                               40µl 
DDW                                   50µl 
5.3 Ethedium bromide 
Stock solution (PROMEGA, MADISON) 10mg/ml protected from light 
5.4Running buffer (TAE buffer): 
40 ml Tris-HCl                                          40ml 
20 in M Sodium acetate                             20ml 
EDTA powder (292-25MW)                      584 ml 
Complete to one liter. 
5.5 Standard DNA molecular marker (Ladder): 
100 base pair ladder (JNVITROGEN) (10 mg/ ml).            20 ml 
Blue dye                                                                           80 ml 
  
